Leopold (15) reported the isolation of a small gram-negative pleomorphic rod from urine and from cervical swabs. Gardner and Dukes (8) isolated the bacterium from cases of vaginitis and subsequently named it Haemophilus vaginalis (9). Several features of the organism differed from those required for Haemophilus species, and it was thus renamed Corynebacterium vaginale (28) . Its cell wall composition appeared to differ, however, from that of true Corynebacterium species (25). Relationships with several other genera were suggested (1,21), and controversy continued over whether its characteristics were more like those of a gram-positive or a gram-negative bacterium (3, 4, 13, 21, 26).
Several authors suggested that the bacterium called H. vaginalis should be placed in a new genus (7, 16, 19) , and in 1980, Greenwood and Pickett proposed that the bacterium be reclassified in the genus Gardnerella as G . vaginalis (10). Piot et al. (20) carried out a numerical taxonomy study of 55 strains of G . vaginalis and 61 reference strains. The results supported the creation of a new genus for the organism as proposed by Greenwood and Pickett (10) . Greenwood and Pickett defined G . vaginalis as a gram-negative to gram-variable organism. They reported that, although the cell wall morphology of G. vaginalis did not appear like that of a typical gram-negative bacterium, it did more closely resemble that of a gram-negative than a gram-positive organism, and they concluded that, as a result of the unusual cell wall of the organism, the genus Gardnerella was not presently assignable to a family.
In this paper we present data from analysis of cell wall amino acids and carbohydrates of G . vaginalis which show that the amino acid composition of G. vaginalis cell walls is that of a gram-positive bacterium,
MATERIALS AND METHODS
Bacterial strains. The G. vaginalis strains used in this study (see Table 1 ) are designated by the numbers used in the University of Queensland Department of Microbiology (UQM). Strain UQM1258 was obtained from the National Collection of Type Cultures as NCTC 10287; all other strains were freshly isolated from vaginal specimens, G. vaginalis isolates were identified by the cultural and physiological characteristics recommended by Dunkelberg et al. (6) .
Growth of strains.
Bacteria were grown for 48 h in static, 1-liter peptone-starch-dextrose (6) broth cultures, centrifuged, washed, dried with ethanol, and stored in dry powder form at 4°C.
Cell wall amino acid analysis. Fully hydrolyzed cell wall material was prepared from approximately 10 mg (dry weight) of cells by the hot trichloroacetic acidtrypsin rapid-screening method of Schleifer and Kandler (22) . Chromatography of amino acids was carried out with the two-dimensional thin-layer chromatography system described by Harper and Davis (12) .
Analysis of cell wall carbohydrates. The methods of Staneck and Roberts (23) were used to determine the carbohydrate composition of the cell walls. The solvent chloroform-acetic acid-water (30:35:5, vol/vol) described by Haer (11) was also used for some analyses.
RESULTS
The results of amino acid analyses are given in Table 1 . The serine and aspartic acid spots observed in UQM strains 1851,1852,1853,1857, 1858,1859, and 1860 all appeared to be of lesser intensity than the alanine, glutamic acid, lysine, and glycine spots. All 12 strains contained glucose, galactose, and another fast-running sugar which, on the basis of its Rf value and color reaction with aniline-phthalate, was tentatively identified as 6-deoxytalose (5, 17). 
DISCUSSION
Peptidoglycan is found in the cell walls of both gram-positive and gram-negative bacteria, apart from a few halophilic bacteria (22). In the majority of cases, the gram-negative type of cell wall contains 11 to 14 amino acids, and the structure and composition of the peptidoglycan in gramnegative bacteria does not vary dramatically in different genera or species (24). The peptidoglycan of gram-positive bacteria usually contains four to six major amino acids, but the nature of these amino acids and their arrangement in the peptide side chains and cross-links vary greatly in different bacteria (22, 27). Recent workers have studied the correlation between peptidoglycan structure and taxonomy (14, 22), and peptidoglycan type is now a valuable aid in the classification of gram-positive bacteria. The nature of the dibasic amino acid in the peptidoglycan is of particular importance. Diaminopimelic acid (DAP) is the most common dibasic amino acid, and it has been found universally in gramnegative species examined so far (22, 27) except for certain unusual thermophilic species studied recently (18) and some strains of methane-producing bacteria (2). DAP is also found in numerous gram-positive bacteria such as species of Bacillus, Clostridium , and Corynebacterium .
The major amino acids found in the cell walls of 12 strains of G. vaginaiis examined in the present study were alanine, glutamic acid, glycine, and lysine. Smaller amounts of serine or aspartic acid, or both, were also detected in seven of the strains. The relatively small number of amino acids found in the cell walls of these strains shows that the amino acid composition of G. vaginalis cell walls is that of a gram-positive bacterium. The presence of lysine and not DAP as the dibasic amino acid in the cell wall confirms that the composition is not of the gramnegative type.
Two reports have previously been published on the cell wall composition of G . vaginalis. Vickerstaff and Cole (25) examined the amino acid and carbohydrate composition of cell walls and the physiological characters of six presumptive G. vaginalis strains. The cell wall of the G. vaginalis type strain was found to contain galactose and 6-deoxytalose with traces of mannose and rhamnose, but the amino acid composition of the cell wall of this strain was not studied. Of the six presumptive strains of G . vaginalis examined, one was classified as a Corynebacterium and two were found to be related to species of Haemophilus. The authors did not definitively identify the remaining three strains.
Criswell et al. (3) examined the amino acid content of the cell wall of the G. vaginalis type strain. In contrast to the results obtained in the present study, they reported that the bacterium contained a wide range of amino acids in its cell wall and concluded from parallel work on Echerichia coli and Bacillus megaterium that the cell wall was of the gram-negative type. Lysine, but not DAP, was found in the G . vaginalis cell wall, but this would appear to be of little significance as the authors also found lysine but no DAP in both E . coli and B . megaterium, in direct contrast to other workers who have examined these organisms (22).
G. vaginalis does appear to possess characteristics commonly associated with both grampositive and gram-negative bacteria (3,4,10,13, 21, 26). On the basis of the results obtained in the present study, the description of the organism should be amended to state that the cell wall of G , vaginalis contains alanine, glutamic acid, glycine, lysine, glucose, galactose, and another sugar tentatively identified as 6-deoxytalose. The cell wall does not contain DAP and, in chemical composition, is typical of that of a gram-positive bacterium.
